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ABSTRACT. In this study, the authors investigated regional differences in lung cancer mor¬ 
tality in Japan, and, based on data acquired between 1970 and 1990 for 47 Japanese pre¬ 
fectures, estimated the relationship between regional lung cancer mortality and air pollution 
and/or temperature. Investigators used data for nitrogen dioxide, sulfur dioxide, motor vehi¬ 
cle density, tobacco expenditure, and tempera lure as independent variables for age-adjust¬ 
ed lung cancer death rates. The age-adjusted lung cancer death rates were higher In the 
southern geographical block of Japan (l.e., approximately 1.3-fotd in males and 1.1-fold in 
females! and in the northern block (approximately 1.2-fold in males) than in the central 
block. The regional differences in the age-adjusted lung cancer death rates were explained 
by nitrogen dioxide and temperature. Temperature caused a greater effect (regression coef¬ 
ficients) of nitrogen dioxide on the age-aojusted lung cancer death rates than did nitrogen 
dioxide alone in the southern block (I.e., approximately 1.3-fold in males and 1.2.fold in 
females). These results provide the first evidence of a possible synergistic interaction 
between air pollution and high temperature on lung cancer mortality. 


LUNG CANCER MORTALITY has increased continu¬ 
ously in japan. Standardized death rates in Japan were 
45.3 in males and 11.9 in females per 100 000 popula¬ 
tion in 1991; these rates were 3,3-fold and 2..5-fold, 
respectively, more than rates for I960.' Doll^ reported a 
relationship between lung cancer and cigarette smok¬ 
ing in 19.50; many subsequent epidemiological studies 
h.ive been conducted by investigators who have con- 
firmed Doll's finding.'*'^ Cigarette smoking, therefore, is 
regarded as the main cause of lung cancer, and air poi- 
lulion from vehicular traffic may also ho a cause of lung 
cancer in urban areas.** In |ap.in, high lung cancer mor¬ 
tality is found in .areas along the co.a.st <ind in intfuslri.il- 
ized districts.” These regional distributions likely result 
in part from geographic differences in levels of.^ir pol¬ 
lution, including photochemical air pollutants. High 


i«U 


levels of nitrogen dioxide (NOj)—the major oxidant air 
pollutant in urban atmosphere—adversely affects the 
human respiratory tract'”’” and also promotes the 
development of lung tumors initiatud by carcinogens in 
mouse lungs,'^’’^ The association between levels of 
NOj and lung cancer mortality has not, howijver, been 
well estaljlished in communities. Kalsouyanni et al.’^ 
reported that air pollution was associated wiih in¬ 
creased mortality and that the mean daily number of 
dcatiis increased when the air temperature exceeded 30 
°C. These associations .suggest that global warming and 
climate changes may increase the adverse effects of air 
pollulion on health, thus causing new environmental 
ncalth problems. The increase in NOj in urban areas is 
rehitcd closely to the increase in air temperature**,- in 
the Central region of the urban area, temperature is in- 
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verted by subsidence heating, and this leads to exces- 
sive levels of air pollutants.'' The results of in vitro ex¬ 
periments have showed that absorption tjf pollutants in¬ 
creases temperature dependenily,thus suggesting 
an interaction between temperature and metabolism of 
carcinogens. However, epidemiological studies on the 
association between lung cancer anti air pollution anci 
temperature in the general population have not been 
reported. 

We investigated the geographic distriliution of lung 
cancer mortafitY in japan and estimated the relationsliip 
between regional lung cancer mortality and air pollu¬ 
tion and/or temperature. Wi: leased our study on data 
gleaned for the 47 lapanesc prufectures hetwcun 1d7f) 
and 1990. 

Material and Method 

Data on lung cancer deaths. Wc usurl official tiata tjf 
the Statistics B(.ireau Mananoment and Coordin.tiion 
Agency, lapan, to obtain the Tung cancer death rates for 
each of 5 calendar years; 1970, iy7.'j, 1‘)S0, lyH."), and 
1990. Given that lung cancer mort.iiity tends to bo in¬ 
fluenced by the age structure of the population, wc 
used the direct metnod and the japanese 19R0 standartl 
population to adjust, for ago. king cancer rlcath rates for 
each of the 47 prefectures. We used these ase-adjustwJ 
lung cancer death rates (lADRs| per U10 000 popula¬ 
tion) in ail statistical analyses. 

Environmeniat data. We chose five environmental 
factors— NOj, sulfur dioxide (SO:), motor vehicle den¬ 
sity, air temperature, and tobacco expenditure—to in¬ 
vestigate whether these factors were related to regional 
differences in ADRs. We obtained all data frram pub¬ 
lished official data fur each of the years given in the pre¬ 
vious section. Data on air pollution in 1970 were not 
totally available because monitoring stations were not 
established all over the country. We used data on NC3.- 
and SOj —obtained from published reports of the En¬ 
vironment Agency, tapan—to calculate the annual air 
pollution levels of total areas and residential areas 
measured at about 1 600 pollution-monitoring sites 
throughout Japan. We counted the number of monitor¬ 
ing sites at which the yearly mean of NO: and SOj ex¬ 
ceeded 20 ppb (i.e.. World Health Organization guide¬ 
line for SOi) to reflect more accurately the air pollution 
levels to which inhabitants would he exposed. Wo also 
used motor vehicle data because much of comes 
from automobile exhaust in urban areas and because 
diesel-powered vehicle exhaust is a recognized car¬ 
cinogen.^" We calculated motor vehicle densities as the 
numocr of motor vehicles (i.o„ registered motor ve- 
hicies, including buses, trucks, and passenger cars) pnr 
area of residential land (i.c., km*) of each prefecture. 

Ws compiled annual levels of mean and maximum 
monthly temperatures from monthly reports published 
by the japan Meienrologicai Agency, and we counted 
the number of days during which the maximum daily 
temperature exceeded .30 °C for each prefecture. We 
calculated the annual average temperature as an arith¬ 
metic mean. Dafa on prefeefurat cigarette consumption 
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were not available in any published report; therefore, 
wc used tobacco expenditures as indirecl indices of 
cigarette consumption. Tobacco expenditure is the to¬ 
bacco tax per adult population in each prefecture, Par- 
ticulate air pollution, especially fine particulates, may 
also Ijo a potent cause of lung cancer.-'*’* In this study, 
however, we did not analyze data of the particulates 
because, until the late 19B0s, monitoring stations had 
not lieen established throughout the country. 

Statistical attalyses. Geographic distributions of the 
AORs were differentiated initially. Wc evaluated multi¬ 
ple simultaneous comparisons among blwks by the 
method of Scheffe.-'' We calculated simple crtrrelations 
se(iaraiely to describe the relationship beivveen the 
ADRs jn<i each independent variable. There may have 
been a time lag of more than ID y between environ¬ 
mental exposure and ADRs; therefore, wc analyzed cor- 
fclaik>ns not only between annual average ADRs in 
1970-199(1 and the annual average levels of environ¬ 
mental factors in 1970-1990, but we also analyzerl cor- 
ruiatiuns ijctwocn the ADRs in 1990 and the levcis of 
envirtmmental factors in each of the years 1970, 1970- 
1980, and 1970-1990, We used multiple regression 
analyses to evaluate the relative contribution of envi¬ 
ronmental facicjrs tn the ADRs and the comfjineti effects 
of pollutants and temperature on the regional differ¬ 
ence's in ADRs. We entered independent variables in 
backward stepwise procedures, and these procedures 
were stt)ppe(J when a statisricai significance of the inde¬ 
pendent variables entering the regressions was less than 
.05. After selecting the significant multiple regressions, 
we estimated the magnitude of regression coefficients. 

Definitions of blocKS. We divided the 47 prefectures 
into three broad blocks: block 1, northern block: Hok¬ 
kaido and Tohoku districts, including 7 prefectures; 
block 2, central block: Kanto and Chubu districts, in- 
ciuding 16 prefectures: block 3, southern block: Kinki, 
ChugtiKu, Shikoku, and Kyushu districts, including the 
remaining 24 (jrcfcctures. 

Results 

Rcginnai differences in ADRs. Generally, ADRs in the 
southern and northern blocks were higher than those in 
the central block (Fig. 1). In 1970, the mean ADRs in 
blmtks 1, 2, and 3 were 22.6, 20.2, and 22.4 in 100 000 
males, respectively, and 7.0, 6.7, and 6.9 in 100 000 fe¬ 
males, respectively; in 1090, the respective mean ADRs 
had risen to 46.5, 40.2, and 45.6 in 100 000 males and 
to 10.9, 10.1, and 11.6 in 100 000 females (Table 1). 
We observed significant differences in the ADRs be¬ 
tween the three blocks in 1990 and in 1970-1990; the 
fiifterenccs were especially more apparent in males Ip c 
.001) than in females (p < .05). Compared with the 
ADRs in bltjck 2, the ADRs in block 3 were significantly 
higher in both males and females (p < .01 and p < .05. 
respef:tivc!y), and the ADRs in block 1 were hignnronly 
in males (p c .05). we did not observe significant 
differences between blocks 1 and 3 in any time period. 

Regional differences in environmental factors. The 
annual NOj levels of total areas in blocks 1, 2, and 3 
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Fig. 1. CcoKraphic dlslribuiian Af Ag^•adiuslc(< lung cnncer death rates (ADtU), by sex and 
prefecture. mty-s«v«n fapanese prefectures were grauped into three broad blocks: block 1, 
northern blocks? prefectures: block 7 , central block—16 prefectures; block 3, southern 
block— 24 prefectures. 


Table t.—Comparison of A{se-Ad|usicd Lung Cancer Death Rates between Three Ceographicil 
Blocks, by Period and Sex 


Aae-ad|uslecl lung cancer moriality ( per 101) 0001 


Block 1 

Block 2 Block 3 


s 5f; 

? at} H SO 

P 


1970 


MiiIm 

22.6 

2.9 A 

20.2 

i.:i A 

22.4 

2.9 A 

NS 

Females 

7.0 

1.4 A 

6.7 

1.1 A 

6.9 

1.6 A 

NS 

1930 

Males 

46,5 

J.J A 

40.2 

4.S B 

43.6 

4.0 A 

<.001 

Females 

10.9 

I.S* 

10.1 

1..5 A 

11.6 

1.7 B 

< ,0.5 

1970-1990 ■ 

Maivs 

3.S.4 

2.7 A 

T0„S 

,V,1 B 

35,1 

4,0 A 

< ,001 

raYiftlei 

9.1 

t.tr 

a.H 

0.9 A 

9.6 

1,1 B 

< .0,5 


Notes; A and B inrlrr.ile 5 ignifir.int rliffwonres ix>h.vcen blocks (a rcficated letter means no sIr- 
nilicant difference INSII, * ■ me.in, and SO ■ standard deviation. 

•No siRtiiflcant differences from (he other two blocks. 


were 10.1 ± 2.1 ppb (mean ± sfandnrri devialion), 17.0 
± 5.9 ppb, and 1.^.0 ± 5.0 ppb, respectively, and we nh- 
served significant differences between blocks 1 and 2 
t/j < .051 (Table 2}. The annual SOj levels of lohil areas 
in blocks 1, 2, and 3 were 7.1 ±1.4 ppb, y.1 ± 1.9 ppb, 
and 8.9 ± l .fi ppb, respectively; significant differences 
existed between blocks 1 and 2 and between block.s 1 
and 3 (p < .05). Tlte proportions of monitoring sties 
where yearly means exceeded 20 pph for NOj in blocks 
1, 2, and .3 were 2.7 ± 3,.3%, 30.7 i 3.3.1%. and 15..5 ± 
20.1 't',, rt>s[iudively: those for SOj wrw 2 .5 ± 2..5'1u, 5..5 
± 4.8%, and 4,3 ± 4.8%, respectively. We observed sig¬ 
nificant differences between blocks 1 and 2 for NOj, 
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' j 


but nc5t for SOi- The levels of NOj and SOj in residen¬ 
tial .ireos were similar to those for the total areas. Dur¬ 
ing the .study periodit, the annual mean level of NO^ re- 
innitH’d almost amstani in all ibrer; blot ks, t?ut that of 
SOi steadily declined annually. Motor vehicle density 
(vehicles per resideni li-jn'd/km') in blocks 1, 2, and 3 
were 2 622 ± 204, 3 463 ± 078, and .3 498 ± 703, re¬ 
spectively; we nbserved significant differences between 
birteks 1 anrl 3 (p < .05). The annua! moan temperatures 
.incl number of days (p<>r year) during which the maxi¬ 
mum daily Icnipuratures exceeded .30 "C in all blocks 
were 10.9 ± 1.5 *C. 14..3 ± 1.2 »C and ,16.1 ± 1.6 'C 
and 24 ± 1,3 d, 44 ± 13 d, and 60 ± 12 d, respectively. 
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Table 2.—Compariaon of Levcii a< Enviranmenlal Factofi beiWeen Three Geographical Blodu, 1970-1990 



Block 1 

Hinck 2 

Hlexk i 


Uaori 


SP 

i 

SP 

S 

SO 

P 

Nitrogen rlioxldo 

Total areds ipph^ 

HI.1 

2.1 A 

17.11 

.5.'! B 

n.o 

.5.0+ 

< .01 

Residunt areas (uub) 

‘1.2 

2.'IA 

17.11 

5..5 H 

13.1 


<.01 

Rate of sites S yeartv moan 

of 20 ppb (%>* 

J.7 

i.J A 

itl.7 

11.1 It 

1.S..5 

20,1 + 

< .05 

Sulfur dioxide 

Total areas (ppl)l 

7.1 

1.4 A 

*».l 

1.‘>H 

K.<l 

1.(s 8 

< .0.5 

Resident areas (piib) 

■'.tl 

t Ji A 

H.il 

l.fi A 

(1.5 

2.2 A 

NS 

Rate of tiles ^ yoariv mean 

of 20 ppb t%l* 

2..1 

i.S A 

5.5 

4.0 A 

4.3 

4.8 A 

N5 

Motor vehicle detMitv* 

2f>22 

J|]4A 

Uhl 

•l7Bt 

.1498 

7fl.) 8 

c OS 

Tempefature 

ArlthmctriC mean !'*r:i 

Hl.'l 

l.t A 

t4.;i 

1.2 « 

1f..l 

I,f>C 

< .11001 

Mean of monthly max. (’tj 

1S.4 

1.(? A 

t«.'t 

l.t It 

20.4 

t.4C 

< .0(101 

No, Ilf dayi/y a jn ‘C 

24.(1 

1 I.II A 

44.0 

l.t.o It 

(>0.0 

t2,oc 

< .0001 

Tobacco expenditure (FlS 

2 574 

,lf.2 A 

2 724 

205 A 

2.52*3 

2(il. A 

NS 


Nutta;\ B, iirtdf." irulh .iti;rliffi’U'ni C'f iH’lwfi-n liluiki i,i rqisMli'ii iflliT ntiMtw no sigrtifif.irti 
INSI). S * mwn, and SR » slanfLird ilovijlitni. 

’Cninputcd aa no. of ritci 2 20 pptiAiHat jilot- 
tNo tignlftcani diffuroncn from tlio nihur two hhickr. 
iVehldcs/residcnt land ■ km', 

STorai MX per adotl pur yvar. 


Table 3.—'Tearson CoritUiion CoefUdentt between Age-Ad)iist«d Lung Cancer Death Rater and 
Envitonmenlai Factor* in 197(1-1990, by Sex and Ceograpbical Block 


Enviionmenia) 

factors 

ADRs in nialL-x 

ADRs in female* 

Btix;k I 
(n.» 71 

Block 2 
(0- Ifl) 

UliH'k .t 
(rt 3 241 

aiiKk I 
tn ■ 7t 

Block 2 
tn» 161 

Slotk 3 
(rt ■ 24J 

Nitrogen dioxide 



mmm 




Sulfur (Itoxidii 







Motor vvltide 







Tompcfatori' 







TolraCCU tax 

mi 

■■ 



m\m 

.(,.10* 


•pc.01. 
tp«; .OS. 


There Were opparenl significant differences between tlie 
three blocks (p < .001). Temperatures tnereasttd steadily 
from 1970 to 1990, except during the year 1980. Tlie 
annual mean temperatures in blocks 1, 2, and 3 rose 1.9 
°C, 1.9 '’C, and 1.6 ®C, respectively, in 1990 from those 
in 1970. Tobacco expenditures (in yen pur oduit/yj in 
blocks 1, 2, and 3 were ¥ 2 574 ± 362, ¥ 2 724 ± 28.5, 
and ¥ 2 529 ± 266, resnoctively; we <iirl ntrt observe any 
significant regional difrerences. 

Simple correlations between ADRs and environmentat 
Actors. The corrdations lietwecn avesugt? ADRs and annual 
average levels of each independent variable during 
1970-1990 are shown in Tabic 3. Female ADRs in block 2 
correlated with NOj (r» .738, p < .01), SOi (f » 5%, f7< 

.05), motor vehicle density (r= .867, p < .01), and tobacci» 
fax (r» .682, p< .01); in block 3, female ADRs correlated 
with NOi (fa .476, p < ,05), motor vehicle dui wty (r- .4.58, 
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p < .05), and tobacco tax (r ^ .630, p < ,01), Mate ADRs 
tonuialcd with temperature and tobacco lax only in bicK;k 
3 (r= .514 and 0,671, respectively; p < .01). Wu tjhserved 
similar correlations between the ADRs in 1990 and the 
levels of environmental factors in each of the years 1970, 
1970-1980, ancn970-l090 (riata not shrjwnt.TliL' levels nf 
N()^ and aORs in the 47 ptcfcclures anti 3 blticks are 
shown in Figure 2. Although levels of NO^ wore kiwur than 
in iiltx:k 2, general ADRs were higher in each prefecture in 
block 1 than in block 2. These results cannot bo explained 
by a single factor {e.g., increase in air pulluiants). 

Refattonships between ADRs and pollutants or tem¬ 
peratures. Wc conducted multiple regression analyses 
to explain tlio folalivo contribution of each intlependcnt 
variable to the ADRs and to estimate the effects of com¬ 
binations of environmental factors on the regional dfffer- 
OhCUS in ADRs. Given that regional significant diffi;r- 


Source: https://www.in(dustrydocuments.ucsf.edu/docs/ggkx0000 























Tilble 7.—Rnulli nf Mubipt« Regression AiiatjisU for AisocUtion between Age^Adjusted Lung 
Oncer Dcnih Rales and a Coinninalton of Nitrogen Dioxide and Temtieralure in Females 



Hldik 1 

Block 2 


aiotk .1 



Rpurcssiiin 

Repression 


Repression 


V.iri.lhlw 

fCK'tficlcnl 1 

coeffklcn! 

f 

OK’ffitieol 


Nitr<i({cn dioxide 

0.114 t).(>21 

O.ll.S 

0.010 

n.n<) 

0.(101 

TEfiUJtxaiuro 

•0.272 tl.4ll 

0.02') 

o.nns 

0..)04 

0.012 

Inivrceiil 

0.(K.2 

(1.422 

0.021) 

;).2n5 

().! 11 

R‘- ■ 

0,2:10 

0..'i4A 


0.42') 


F 

o.,S‘ir 

7.!!4I* 


r.nn?' 



■/7< .(It. 


Table It.—Estimation of Regression Coefficients nf Nilmxeii 
Diokidc (NOji for ADRs Vt^cn a Cumbinatinn iif NOi and 
Temperature is Associated with AORSi by Sen and 
Ceographfeal Bioctr 


Block 

1 

2 

.! 


Males 


Nd! 

0.0,1 fj 

0.02,1 


NOi -I- IfmjicMlurf; 
Femnles 

-0.04S 

-f).tl«2 

U..1‘)T’ 

Ntl; 

0.1.1') 

0.1 111* 

O.tOlt 

Nt); + Ivmpcf.iliire 

0.1 14 

O.Ilit 

O.II'lt 


*tl^•gtessit in CiiCil'k'ionts of are signifitani at /i < .01. 
tRiiirt-ssiiin I’tH'ifiiicnis of NC>^ arc signitirant at p < ,I1S. 


serve <T significant difference in the poilufant levels Ixv 
tween blocks 2 .incl 3. 

In our survey, we found differences in m/iny aspects 
related to ADRs between males nnd females. First, we 
observed significant correlations for both blocks 2 and 
3 between female ADRs and levels tif NQ.. and nutlor 
vehicle density. Tltcse ctirrclalioits, bowt'ver, were nol 
observed in males; perhaps other facttjfs fo.g., smetking, 
occupation) in males masked the effects tif air pollg 
tants on the ADRs- Second, in each block female ADRs 
also correlated with tobacco lax, but male ADRs corre¬ 
lated in block .3 only. There are possible explanations 
for the different correlations between females and 
males: fa) in each block, identical influences of fttltac- 
cn for ADRs existed (at least for fomalesl; and (b) fo- 
nialcs—more than males—reflected rnvironmental fac¬ 
tors to which the population wtJuld ho cx[ioso(l. Finally. 
ADRs were approximately 3.7-foId as freoucnl in males 
as in females; perhaps this result, which lias alst) liecn 
reported elsewhere,^*’'" evolved from a ctJinplex expo¬ 
sure In males. 

Adverse health effects caused by air pollution arc rc- 
fated to high lemperaiiires,'*^ as well as to low tempera- 
tures.''^ Photochemical air pollutants (e.g., NDj and 
ozone) arc derived from photochemical reactions in the 
atmosphere associaietl witii solar ullravtolef radiation*" 


and Icmperaturc.'* invesiigat<jrs have also suggested in 
rsiccnf reviews that a possilTk’ biological synergy e-xists 
iwtween air pollution and high temperatures and ad¬ 
verse pffp.cis on heallh.'‘'Thus, the relationship between 
lung cancer mortality and NO.! of temperature is plau¬ 
sible, but it has not been reported. 

in this study, ADRs were not associated with tem¬ 
perature only, Although NOi levels, which corre- 
sptjndcd with regional variations in female ADRs in 
both blot:ks 2 and ,3, were slightly lower in block 3 
than in lilock 2, the general ADRs in each prefecture 
in block 3 were higher than those in block 2 (Fig. 2). 
These results suggest that an increase in ADRs is like¬ 
ly to depend upon a combination of environmental 
fasdors, including air pollution and temperature. In the 
multiple stepwise procedure, the best relationships 
w<'re observed between the ADRs and the combina¬ 
tion of NO,! and temperature for both males and 
females (significant in block 3 only). This obviously 
resulted from the intercorrelations oetween NO? and 
high temperatures, and this suggests a combined effect 
of titesc two variables on ADRs. Levels of ADRs in 
block 1 wore similar to those in block 3, although lev¬ 
els of air pollutants in block 1 were the lowest. 

The potential influence of |>ollu)ants on ADRs can be 
explained by the regression coefficients. When we 
conibincfl NO;! and temperature, (he regression coeffi¬ 
cients of NO,! fnr ADRs were larger than those for NO^ 
alone; however, those were significant only in block 3 
(Table 8). Tbc.sG results suggest that high temperatures 
enh.inccd (h<: effect nf NO: un lung cancer. 

in ihi.s study, we examined the association of region¬ 
al lung cancer mortality with relatively low levels of air 
poltutit>n in fhrrr.' fliffi'rent lemperaluru blocks, )apan 
w.is a(ipropriaie for this purpose bec.nuse temperature 
in Japan varies cnnsidcrablv between northern and 
southern geograpitital locations. We can explain re¬ 
gional tlifferences in ADRs by NO^ and temperature. Al¬ 
though Ihe air pollution levels in block 1 (i.e., northern 
bloCK) were lowest and were not correlated with ADRs 
in the block, levels of ADRs were similar to those in 
block 3 (i.e., southern block). This indicated that un¬ 
known environmental factors related to low tempera¬ 
ture (e.g., air pollutants derived from heating) may have 
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affected ADRs in the northern block. Wc* note, howev¬ 
er, that the ADRs in block 3 were signi/icamly higher 
than in block 2 (central blockl; differences in the pollu¬ 
tant levels between blocks 2 and 3, however, were not 


significant. This finding suggests that effects of NOi on 
ADRs increased as the temperature increased. Actually, 


the annual mean temperature in block 3 was signifi¬ 
cantly higher (i.e., approxin^.ntely l.l.l-fold) than that in 
block 2. 


In conclusion, air pollution, especially NOj, was as¬ 
sociated with lung cancor mortality in fumalos, and ux- 
posure to both air prallutltin and high temporalurc in¬ 
duced an increase in lung cancer moriaiity In the gen¬ 
eral population. In the estimation of relationships he- 
tween air pollution in atmosphere and lung cancer in 
the community, wc need further epidc:mi«logical sur¬ 
veys to define individual exposure to air pollution; we 
must also explain adequately problem factors ie.g., 
smoking, occupation!. Ncvertiieless, we believe that 
our study was useful because we demonstrated the 
combined effects of NO^ and high temperatures on lung 
cancer mortality by multiple regression. We also pro¬ 
vided evidence, for the first time, of a possible syner¬ 
gistic interaction between air pollution and high tem¬ 
perature with respect to lung cancer. 

Finally, cigarette consumption in many countries has 
declined steadily: this has likely resulted from the 
worldwide effort to ban smoking. A decrease in lung 
cancer mortaiity is expectedMore and more cities, 
however, are facing the proljiem of increased urban air 
pollution (e.g., NOi, COi), which is also linked to gioh- 

• al warming, in this study, Wc dentonstrared the influ¬ 
ence of the combination of NOi anti temperature on 
ADRs. Once smoking is banned, air pollution and tem¬ 
perature as risk factors of lung cancer will attract the at¬ 
tention of investigators. Further epidemiological ttr ex¬ 
perimental studies are needed in which investigators 
explore the mechanismfsj of our evidence in light of fu¬ 
ture increases in air pollution and chango.s in climate. 


■ «««««««•■ 

Submiiicd for puWic.iiion j. i fLvIiorf; .u cctXtxl for 
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